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The View that the quantity of blood within the cranium is Rlmost invarisble was expressed 8S early as 1783 by Alexander Monro (1). He wrote, "for being enclosed in 8 cpse of bone the blood must be continually flowing out of the veins that room may be given to the blood which is entering the prteries.
For as the substance of the brain, like thet of the other solids of our body is nearly incompressible the Quantity of blood within the hep.d must be the same or nearly the same at all times, whether in health or disease, in life or after death, those CBses only being excepted in which water or other matter is effused or secreted from the blood vessels; for in these a quantity of blood equal in bulk to the effused matter Will be pressed out of the cranium." This doctrine wes supported by Kellie (1) ~ho found that animals killed by bleeding had as much blood in the brain as those killed in other ways. But if the skull was trephined and the animals bled to death, on post mortem examination the brain appeared empty of blood. He concluded that so long as the cranium wes closed the volume of blood in the brain could not vary. The conception of the invariability of the volume of the intracranial contents came to be known as the Monro-Kellie doctrine.
Hill (1) studied the cerebral circulation and found that a foreign body of two or three cubic centimeters volume could --------~-~-----------2 be added to the cranial contents of the dog without raising the intracranial pressure. The cerebral circulation was not changed with this added volume. presumably because cerebrospinal fluid was pushed from the ventricles into the spinal system, but if mOre than two or three cubic centimeters were added the venous sinuses were compressed, the cerebral capillaries were obliterated, the intracranial pressure rose, and the cerebral circula.tion WAS disordered. Bayliss While the volume of the cr~nial contents is relatively fixed t organs such a.S the spleen, kidney, limb t etc. are relatively free to change their volume. Oliver and Schafer (6) showed that an intravenously administered extr~ct of the adrenal gland decreased spleen, kidney, and limb volume in the dog, and that it caused almost complete cessetion of flow of the ciroulating fluid in the arterioles of the frog. Hoskins and Gunning Since the work of Hill shows that considereble volume chnnge can occur within the cranium without effecting total flow, the cerebral vascular bed cannot be considered a bed of constant volume. It was deCided, therefore, to attempt complete fixation of the total volume in e periperal vascular bed, for study of flow chRnges in the Rbsence of volume change. and later by placing the limb and c~st in a plethysmograph and Rpplying negative pressures in th~ plethysmograph. It was thought that the negfltive pressure would dro.w the limb out against the cast and thereby immobilize it. The CEst was found to be relatively nonporous so gauze was substituted for the y19ster.
Blood f10Vl was meFtsured by the direct method of venous outflow, the thermo-stromuhr method as mOdified by Herrick and Bn1des (11) . and by the use of a differential manometer as explained below.
The thermo-stromuhr was found to be unsuited to this problem as it Showed a pnradoxica1 increase in flow when the limb was constricted below thA stromuhr. No satisfaotory explpnation for this pe.radoxica1 effect has been found.
The principle of the Venturi-meter bas previously been applied to the study of the velocity of flow in blood vessels (12, 13) . 1. glese Venturi-meter of the conventional type may be inserted into a diVided artery, which, of course, requires the use of an anticoagulant; or an ob1ir:ue ligature may be thrown about the stem artery at the origin of a side srtery.
In the latter case the side artery originating in the constricted portion of the stem vessel, Rnd another side artery originating above the constriction are cannulated and led to the differential manometer. Under these conditions the difference in pressure is a function of velocity in the constricted portion of the stem vessel.
As it is quite difficult to place an oblique ligatUre about an artery, and to keep it from Slipping, it WRS decided to make The loss of head due to a constriction in a tube ~s given as: (15) where a is the cross-section of the vessel, (Fig. 3) . These drugs caused approximately the same change in flow whether negative or atmospheric pressure was in the plethysmograph. The plethysmograph was mH{le air-tight at its junction with the skin by tightly wrapping s wire around the rubber end of the plethysmograph. The femoral artery and vein were protected from the pressure of the wire by a brass tube which was plHced aro~nd them (Fig. 4) .
The plester of paris wes tested for porOSity and found to be relntively non-porous. The limb may, therefore, have changed in volume in the above experiment if air pockets existed between the skin and the cast. It was thought that the limb volume might be fixed by wrapping the limb with porous but inelastic bandage, and exposing the wrapped limb to lnrge negative pressures. in the The ohanges in flow from intra-arterial epinephrine (Fig.6) and spirits of nitroglycerine (Fig. 7) were essentially the same whether the bandaged limb was at atmospherio or at negative Limb in a plethysmograph with a wire around the rubber end of the plethysmograph to make an air-tight seal. Brass tube, with a longitudinal slit in it, around the femoral artery and vein to protect them from the pressure of the wire around the limb. Bone pin thr~ugh the femur anchoring the brass tube and wires which anchor the wire that is around the limb. P.,plethysmograph. P.R., rubber end of plethysmograph. A.,wire anchoring the wire that is around the limb to the bone pin. B.P., bone pin. B.T., brass tube. F.A., femoral artery. F.V., femoral vein. F., femur. B., wire around limb. S., skin. C., wire around foot. Limb wr~pped with geuze and placed in a plethysmograph. The pressure in the plethysmograph is lowered in steps to minus 500 mm. mercury. B.F., blood flow. P.P., plethysmograph pressure. B.P., blood pressure. Time is in thirty second intervals. pressure suoh 8.S would be expeoted to fix limb volume. The negative pressure varied in different experiments between minus 300 and 500 mm. of meroury.
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This demonstration is valid only if it oanbe assumed that there is aotually an exoess force fixing the leg against the bandage equal to or greater than blood pressure. Sinoe there was no direot assuranoe that the leg plus bandage was ever fixed in volume, i.e., Since the foroes aoting at the surface of the bandaged leg might still have been at equilibrium, the experiment was not considered crucial.
Attempts were made to measure the ohange in limb volume when epinephrine was given by weighing the leg. The leg. (Fig. 11) . When the pressure was brought to atmospheric and the nitroglycerine repeeted, the blood flow increased from 110 c.c. to 160 c.c. per minute and the limb volume increased 1 c.c. (Fig. 12) . When the mercury trap was removed from the volume recording system, nitroglycerine increased flow from 70 c.c. to 130 c.c. per minute and the limb volume increased 1 c.c. (Fig. 13) . Limb wr pped in gauze 8nd placed in plethysmograph h~ving negative pressures in it. P . P" plethysmograph pressure . B. F . , blood flow .
.P ., blood pressure. Time in thirty second intervals. For licb voluce measurement see text. L.V., limb volume. B.F., blood flow. B.P., blood pressure. ~ime in thirty second intervals. The data on limb weights were expected to rule out this posSibility. In nine cases intra-arterial epinephrine caused e.
slight increase or no change in limb weight, when the volume was fixed by this method. This was interpreted to mean dilatation of the arterial segment because or the injeotion, since control injections of saline gave the same effect. In no experiment, h~lever, were satisfactory simultaneous records of blood flow and leg weight obtained. This possibility, therefore, will have to be investigated further.
This study he,s been confined to only two vascular drugs. epinephrine for vaEoconstrictlon, and nitroglycerine for vasodilr,tation. In view of Gibb's data. on the cerebral clrculetion, showing that epinephrine does not change the flow. whereas carbon dioxide does, it is important that a large series of constrictor and dilator effects be studied. It is possible 30 that. while with the two agents studied the effect on peripheral resistance and the effect on limb volume are independent. with other egents the two may be interdependent.
SUMMARY AND CONCLUSIONS
(1) The blood flow through the hind limb of dogs anesthetized with ether or sodium barbital was measured by a differential mA.nometer method.
(2) Intra-arterial epinephrine decreased, and intraarterial spirits of nitro-glycerine increased the flow. 
